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© Improvements in or relating to MRI magnets. 



© An MRI magnet arrangement comprises, an an- 
nular electro-magnet defined by a coil (1,7), an an- 
nular shim of magnetic material (2,8) coaxially dis- 
posed within the coil, first permanent magnet means 
(3,9) having a field, the direction of which (9) is the 
same as the field (7) of the coil (1), disposed co- 
axially within the said shim and second permanent 
magnet means (4,5) disposed coaxially within the 



said first permanent magnet means, the field of 
which (10) is arranged to be opposite in direction to 
the field (9) produced by the said first permanent 
magnet means, the arrangement being such that the 
magnetic field produced in an imaging volume (6) 
within the said second permanent magnet means is 
substantially homogeneous. 
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This invention relates to magnets of the kind 
used for magnetic resonance imaging (MRI) and 
more especially it relates to magnets having a 
short axial length. 

In order to provide good image resolution, an 
MRI magnet must have a suitably sized region, 
known as the imaging volume, wherein the mag- 
netic field is highly homogeneous such that har- 
monic coefficients appertaining to the field are sub- 
stantially zero up to at least the eighth order. 

High magnetic field homogeneity and a suit- 
able sized imaging volume are comparatively easy 
to achieve in elongate annular magnets wherein the 
axial length of the magnet is long compared with 
the inner diameter of the magnet. Such magnets, 
having a length of about 2 metres and a clear bore 
diameter of about 1 metre, which may be cryo- 
genic electro-magnets, are commonly used for 
whole body scanning apparatus. 

Although these relatively long magnets are 
generally acceptable, short magnets are to be pre- 
ferred for some diagnostic purposes such as inter- 
ventional radiology, and mammography for exam- 
ple. Short magnets also increase the chance of 
scanning claustrophobic patients. 

It is therefore an object of the present invention 
to provide a relatively short magnet which is suit- 
able for use in MRI apparatus. 

According to the present invention an MRI 
magnet arrangement comprises, an annular electro- 
magnet defined by a coil, an annular shim of mag- 
netic material coaxially disposed within the coil, 
first permanent magnet means having a field, the 
direction of which is the same as the field of the 
coil, disposed coaxially within the said shim and 
annular magnetic material disposed coaxially within 
the said first permanent magnet means, the field of 
which is arranged to be opposite in direction to the 
field produced by the said first permanent magnet 
means, the arrangement being such that the mag- 
netic field produced in an imaging volume within 
the said annular magnetic material is substantially 
homogeneous. 

The annular magnetic material may comprise 
magnet means or alternatively it may comprise 
mild steel, which would be magnetised by the main 
magnetic field generated by the coils. This is prob- 
ably a more cost-effective method of building the 
magnet than using a permanent magnet. 

The imaging volume may be substantially ellip- 
tical. 

The shim may be arranged to serve as a 
former on which the coil is wound and may be 
made of Silicon Iron (SiFe), laminated and slotted 
to remove eddy current 

It is well known that the magnetic field due to a 
coil or ring of magnetic material may be written in 
terms of a series of Legendre polynomials. The 



coefficients in the series refer to particular orders 
of inhomogeneity in the magnetic field, and so one 
speaks of Z2, Z4, Z6, etc.. The relative size of the 
harmonics Z2, Z4, Z6, etc due to a magnetic 

5 source depends strongly on the distance between 
the source and the point at which the magnetic 
field is measured. So for example in the magnet 
proposed in this size), a magnet comprises an 
annular coil 1 which serves as an electro-magnet, 

w the coil being wound on an annular soft iron shim 2 
which is disposed coaxially within the coil 1. Dis- 
posed coaxially within the annular shim 2, there is 
provided an annular magnet 3, and within the an- 
nular magnet 3 there are provided two further an- 

75 nular magnets 4 and 5. The magnets 4 and 5 are 
symmetrically and coaxially disposed with respect 
to the annular magnet 3. 

The arrangement is such that a resultant mag- 
netic field is produced within the magnets 4 and 5 

20 in an imaging volume as shown within a broken line 
6, which is substantially homogeneous. This ho- 
mogeneity of the field in the imaging volume, is 
achieved by arranging that the harmonic coeffi- 
cients appertaining to the field are substantially 

25 zero up to at least the eighth order. In order to aid 
a better understanding of how this advantageous 
result is achieved, magnetic field contributions 
made by the individual parts will now be consid- 
ered in more detail. 

30 Referring again to the drawing, the coil 1 is 

arranged to produce a field having a direction as 
indicated by an arrow 7. As will be well understood 
by those skilled in the art, the dominant harmonic 
contributions afforded by this field are Z0 and -Z2. 

35 In order to shim out the unwanted Z2 harmonics 
the annular shim 2 is provided, but as well as 
compensating for -Z2 it additionally provides a 
significant contribution of the harmonic -Z4. The 
field due to the annular shim 2 is shown by the 

40 arrow 8. In order to shim out the -Z4 harmonic, the 
permanent magnet 3 is provided having associated 
with it a field the direction of which is indicated by 
an arrow 9. The magnet 3 is chosen so as to 
provide an equal and opposite contribution of the 

45 harmonic -Z4 introduced by the annular shim 2. It 
will be appreciated that the magnet 3 also makes a 
Z0 and -Z2 contribution which is taken account of 
in the sizing of the coil 1 and the annular shim 2. 
Additionally however, the magnet 3 makes a -Z6 

50 harmonic contribution and a +Z8 harmonic con- 
tribution. In order to shim out these undesirable 
harmonics, the annular magnets 4 and 5 are pro- 
vided which have associated with them a field as 
indicated by the arrow 10, the direction of which is 

55 in opposition to the field provided by the magnet 3. 
The effect of the magnets 4 and 5 is thus to reduce 
to substantially zero the harmonics Z8 and Z6. 
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In an alternative embodiment of the invention 
the magnets 4 and 5 may be replaced with soft 
iron or silicon iron annuli which may be laminated 
or slotted to reduce eddy currents. 

By using the various component parts of the 
magnet as hereinbefore described progressively to 
shim out the significant even harmonics which are 
responsible for non-uniformities of field, a very 
short annular magnet has been produced having a 
substantially elliptical imaging volume which is em- 
inently suitable for MRI mammography or ortho- 
paedic applications. The annular magnet shown is 
capable of producing a substantially homogeneous 
field in the imaging volume of about .21 using 
Neodynium Iron Boron magnets and a soft iron 
annular shim. 

With currently available permanent magnet ma- 
terials, magnets according to the present invention 
are probably limited to relatively low field designs 
since in the presence of high fields the permanent 
magnet material would tend to be de-magnetised. 

Various modifications may be made to the ar- 
rangement just before described without departing 
from the scope of the invention, and for example, 
the precise number, size and position of the mag- 
nets used may be varied to achieve equivalent 
results. 

Claims 

1. An MRI magnet arrangement comprises, an 
annular electro-magnet defined by a coil, an 
annular shim of magnetic material coaxially 
disposed within the coil, first permanent mag- 
net means having a field, the direction of which 
is the same as the field of the coil, disposed 
coaxially within the said shim and annular 
magnetic material disposed coaxially within the 
said first permanent magnet means, the field of 
which is arranged to be opposite in direction to 
the field produced by the said first permanent 
magnet means, the arrangement being such 
that the magnetic field produced in an imaging 
volume within the said annular magnetic ma- 
terial is substantially homogeneous. 



posed with respect to the said first annular 
magnet means. 

5. A magnet arrangement as claimed in any pre- 
5 ceding claim wherein the permanent magnets 

are made of Neodynium Iron Boron (NbFeB). 

6. A magnetic arrangement as claimed in any of 
claims 1 to 3, wherein the said annular mag- 

w netic material comprises a pair of axially 

spaced annuli symmetrically disposed with re- 
spect to the said first annular magnet means. 

7. A magnet arrangement as claimed in claim 6, 
75 wherein the said annuli are made of soft iron, 

or Silicon iron. 

8. A magnet arrangement as claimed in claim 7, 
wherein the said annuli are slotted or laminated 

20 thereby to reduce eddy currents. 

9. A magnet arrangement as claimed in any pre- 
ceding claim wherein the annular shim of mag- 
netic material is made of soft iron. 
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10. A magnet arrangement as claimed in claim 9, 
wherein the said shim is slotted or laminated 
thereby to reduce eddy currents. 

11. A magnetic resonance imaging system includ- 
ing a magnet as claim in any preceding claim. 
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3. 



A magnet arrangement as claimed in claim 1, 
wherein the said shim is arranged to serve as 
a former on which the coil is wound. 

A magnet arrangement as claimed in claim 2, 
wherein the said first permanent magnet 
means comprises one annular magnet. 



50 



4. A magnet arrangement as claimed in any pre- 
ceding claim wherein the said annular mag- 
netic material comprises a pair of axially 
spaced annular magnets, symmetrically dis- 
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